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356a Tuesday, March 8, 2011as Y. pestis are able to circumvent the innate immune system. Finally, wewill ex-
ploit the dual-color STORM capabilities to simultaneously image LPS and TLR4
receptors in the cellular membrane at resolutions at or below 40nm.
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Superresolution fluorescent microscopy (nanoscopy) offers unprecedented res-
olution of biological structures by overcoming the fundamental diffraction
limit of light. There are several superresolution technologies like stimulated
emission depletion (STED), structured illumination microscopy (SIM), sto-
chastic optical reconstruction microscopy (STORM) and fluorescence photo-
activation localization (FPALM) all show promise as they offer
subdiffraction limit optical resolution. The further challenge in superresolu-
tion is the improvements of the temporal resolution, because the temporal res-
olutions of the above four methods are too low to pursue the movements of
proteins at ms timescales. However, it looks so difficult because FPALM
and STORM are based on single molecular detection and stochastic photo-
switching while STED and SIM require laser illumination scanning. Here,
we constructed a microscopic system that can voluntarily modulate optical
transmission of the pupil function by placing a reflective liquid crystal micro
mirror array (LCMM) onto the Fourier plane that alters the point spread func-
tion (PSF) shape. It has been reported that the diffraction limit was overcome
by subtracting the normal PSF from the low-pass filtered PSF (*). Our present
system can obtain a subtracted image of superresolve-masked image and the
low-pass filtered image within one frame of a camera. We achieved 2 ms tem-
poral resolution at 120 nm spatial resolution without any special probes and
scanning systems. Furthermore, because the present technique is compatible
with fluorescent probes that lack polarization or coherency, we can apply it
to various biological investigations. In this meeting, we show basic principles
and constructions of our present nanoscopy, and demonstrate the potentials of
it for live cell imaging both on the membrane and intracellular, and for single
particle tracking.
(*) Heintzmann R, Sarafis V, Munroe P, Nailon J, Hanley QS, Jovin TM., Mi-
cron. 34,293-300 (2003).
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Phase visualization of cells is used for decades, with setups such as Zernike
phase contrast or Nomarski-DIC equipments. Those techniques use the fact
that light passing through a sample accumulates phase shift. Nevertheless,
they are quite impossible to give information on the quantitative phase shift
of each pixel of the image and are commonly used only to increase contrast.
We describe here the use of quadri-wave lateral shearing interferometry [1]
for wavefront sensing, in order to measure quantitatively the local phase shift
within a sample, with a high sensitivity.
We use a high resolution wavefront sensor and we get a 300x400 sampling
points on the sample, with both phase and intensity information. The method
is simple and can be implemented on a conventional microscope: its native
bright-field illumination system is used as the light source, and the wavefront
sensor has only to be mounted on a video port, with the possibility to combine
phase and fluorescence imaging.
Correlative microscopy between wide-field fluorescence and optical phase on
COS-7 living cells is considered, either on regular substrate or fibronectin-
coated micro-patterns. The phase visualization of intracellular organelles is
clearly possible with a high contrast, and targeted fluorescence allows a precise
and simultaneous identification of each component. A multidimensional image
is then obtained by combining those two images. Many organelles, such as mi-
tochondria and endocytosis vesicles, can be specifically determined by their rel-
ative phase shift and shape, with a high degree of confidence. Refractive index
anisotropy is also used to visualize phase shift of anisotropic components, such
as cytoskeleton, with different polarizations of transmitted light.
[1] Bon, Maucort, Wattellier andMonneret, "Quadriwave lateral shearing inter-
ferometry for quantitative phase microscopy of living cells," Opt. Express 17,
13080-13094 (2009).1926-Plat
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Fluorescence in situ hybridization (FISH) is widely used for diagnosis of ge-
netic abnormalities. We have developed multimodal, nanoscale imaging
methods using a combination of fluorescence and atomic force microscopy
to determine the precise binding location of FISH probes. The use of high res-
olution imaging methods is important to validate and improve the binding ef-
ficiency for small single copy FISH probes that are being developed for
cytogenetic analysis at higher genomic resolution than is possible with current
commercial FISH probes. Chromosome topography is imaged by AFM and
superimposed on FISH probe location determined by confocal or epifluores-
cence microscopy. Image processing procedures are used to quantify probe
context, relative to neighboring 30 nm chromatin fiber bundles imaged by
AFM, and to quantify probe binding to homologs within the same cell. We
have correlated optical and topographic images of multicopy centromeric probe
for chromosome 17 and have examined the spatial relationship between centro-
meric DNA and the formation of kinetochore structures and sister chromatid
segregation. Interestingly, segregation of sister chromatids is not coordinated
with the formation of these structures within individual homologous chromo-
somes, occurring after the formation of these structures. We hypothesize that
asynchronous segregation of previously replicated sister chromosomes may ac-
count for differences in the hybridization patterns for probes in different cells
from the same individual.
Platform AN: Physical Chemistry of Proteins &
Nucleic Acids
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DNA hairpins are models for more complex, naturally occurring loop-
containing nucleic acid structures. They consist of two distinct structural do-
mains: a double stranded stem and a single-stranded loop that connect the
two strands of the stem. Previous studies of short DNA hairpins have revealed
that the base sequence of the loop and stem significantly affect the relative ther-
modynamic stability of the hairpin and coil conformations. We have studied the
effect of hydrostatic pressure on the heat-induced helix-coil transition of short
DNA hairpins in order to gain knowledge about the role of hydration in the sta-
bility of the secondary structure adopted by these self-complementary DNA
molecules. We report the effect of hydrostatic pressure on the helix-coil tran-
sition temperature (TM), monitored by absorption, for eleven 16-base DNA
hairpins at different sodium chloride concentrations. The studied hairpins
form by intramolecular folding of 16-base self-complementary DNA oligo-
deoxyribonucleotides. Each of the hairpins structures has a six-base pair
duplex-forming stem linked by a four-base loop. We have varied only loop se-
quence and identity of the duplex base pair adjacent to the loop; the first four
base pairs in the stem are the same for every molecule. Transition parameters
based on a two-state denaturation process, such as DHvH and transition volume
(DV), were calculated from the optical melting transitions. Experiments re-
vealed the DV for denaturation of these molecules range from 2.35 to
þ6.74 cm3mol1. We propose that the sequence dependence of the molar vol-
ume changes is attributable to differences in the hydration of these molecules.
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Water is essential to nearly all biological reactions, and yet the role of solvent is
often overlooked in studying such interactions. In particular, the ability of
highly charged molecules to orient the dipole moments of water molecules
has not been thoroughly explored. While short-range solvent ordering effects
have been previously investigated, we report evidence of the existence of or-
dered waters between charged molecules at large distances and characterize
the free energy contributions of this solvent ordering to the interaction. We
present evidence frommolecular dynamics simulations that the hydrogen bond-
ing network in ordered waters between a strand of DNA and a highly charged
nanoparticle, a generation 3 polyamidoamine (PAMAM) dendrimer, contribute
Tuesday, March 8, 2011 357asignificantly to the free energy and extend the interaction beyond the electro-
static range of the molecules. Such long-range water effects could potentially
be of great importance to many biological systems, in which molecules appear
to be able to recognize each other across significant distances, or for which the
kinetic rates are too fast to be due to pure diffusion. Our results are in good
agreement with experiments on the role of solvent in DNA condensation by
multivalent cations.
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DNA strand slippage is a structural mechanism by which mutations are intro-
duced during replication by DNA polymerases. Although the template-slippage
mechanism was suggested by Streisinger and coworkers around 40 years ago,
there is no detailed atomic-resolution understanding of the dynamic pathways
bywhich such strand slippage can occur. Using unrestrainedmolecular dynamics
simulations, the present studydemonstrates that partial single base flipping canbe
sufficient to enable spontaneous strand slippage at DNA duplex termini. The
strand slippage was observed in both strands at the terminal end of a DNA duplex
illustrating exactly how either insertion or deletion (indel) mutations were possi-
ble depending on which strand the partially flipped base belonged to. These find-
ings highlight the steric and non-bonded interaction stringency required of DNA
polymerase active sites to prevent indel mutations. This relationship between
base flipping and strand slippage and its implications for sequence dependence
of indel mutations will be discussed along with planned future studies to charac-
terize these newly discovered dynamic DNA strand slippage pathways.
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The specificity with which DNA hybridizes holds the potential for designing
a variety of DNA based diagnostic and therapeutic systems. The creation of
synthetic nucleotides has allowed for the development of DNA helices with
lower than normal binding interactions. This lower interaction energy has
been exploited to separate the strands. We have designed a DNA zipper in
which a strand containing synthetic bases is displaced and replaced by a natural
strand. The chemical design of the synthetic strand is such that the process of
the double-strand separation is energetically self-sufficient and no external en-
ergy is required. This simple zipper was then expanded on to create a DNA
nano-gate that can be reversibly opened and closed. Both the zipper and the
gate were verified by gel electrophoresis and fluorescence measurements.
The systems can be tailored to be sensitive to a range of physiologically rele-
vant temperatures. These self sustaining and modifiable nano-DNA Zippers
have a wide range of applications from simple actuation and molecular recog-
nition to a vehicle for molecular transport. This work was supported by devel-
opment funds [RL] from Jacobs School of Engineering UCSD.
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Cellular functions emerge from biochemical reactions that occur within rather
crowded cellular compartments while, on the contrary, standard in vitro
techniques do not allow to study how biomolecules work at such high
concentrations.
Nanotechnology allows confinement of biomolecules into packed systems
where the level of crowding is closer to the one in cells, and provides analytical
methods to investigate the effect of crowding on biomolecular functions.
In our experimental work we studied the mechanism by which restriction en-
zymes work inside brushes of short double stranded (ds)DNA molecules, con-
fined on ultra-flat gold surfaces by using nanografting, an atomic forcemicroscopy (AFM) based nanolithography method. dsDNA molecules have
a restriction site at half height, and therefore, successful restriction reactions
lead to a 50% decrease of the brush height with respect to the surrounding sur-
face, that we measure by AFM.
We address the effect of confinement on these reactions by varying the dsDNA
density, and we unequivocally show that the confinement has a quantifiable ef-
fect on the mechanisms of enzyme diffusion and reaction.
1) We show that enzyme molecules do not access the dsDNA brush directly
from the solution, but 2D-diffuse inside the brush, with access exclusively
from the sides. Moreover, the access is arrested when the DNA density reaches
a certain critical threshold.
2) We show that when the dsDNA density is sufficiently high, the restriction
reaction can successfully occur on a dsDNA site having only partial consensus
for the enzyme.
Our findings demonstrate that, in crowded systems, enzymes may work very
differently than in solutions. These findings may have broad implications on
the development of in vitro approaches to investigate the effect of crowding
on biochemical reactions, and can improve our understanding of molecular
mechanisms in cells.
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The interaction between three dilute ‘tracer’ proteins (bovine serum albumin,
superoxide dismutase, and ovomucoid) at a concentration of 2 mg/ml and three
‘crowder’ macromolecules (Ficoll 70, Dextran 70 and ovomucoid) at concen-
trations up to 100 mg/ml was characterized by analysis of dependence of the
equilibrium gradients of both tracer and crowder upon the concentration of
crowder. The equilibrium gradients of all three crowder species were found
to be independent of temperature over the range 5 - 37 degree. The equilibrium
gradients of BSA and ovomucoid in crowder were likewise found to be inde-
pendent of temperature over this range, indicating that interaction between
these tracers and all three crowders is predominantly repulsive and essentially
entirely entropic in nature. However, composition dependence of the equilib-
rium gradient of SOD was found to be significantly dependent upon tempera-
ture in a manner indicating the presence of significant temperature-dependent
(i.e., enthalpic) attractive interaction between SOD and all three crowder spe-
cies. The experimental data are analyzed thermodynamically and in the context
of effective hard particle theory [1] generalized to allow for the presence of at-
tractive enthalpic interaction between solute species [2].
[1] Fodeke A.A. and Minton A.P. (2010) J. Phys. Chem B. 114: 10876 - 10880
[2] Jiao M et. al. (2010) Biophys. J. 99: 914-923.
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Saccharides, and in particular trehalose, are known for their efficiency in pro-
tecting biostructures against environmental stress [1], although the preservation
mechanism is still debated. Experiments and simulations [2,3] on carboxy-
myoglobin (MbCO) showed that the protein dynamics is highly inhibited in
dry trehalose matrices, the inhibition being dependent on the water content.
In these conditions, a mutual protein-matrix structural and dynamic influence
is observed.
Here we report a combined FTIR and SAXS study on MbCO embedded in dry
amorphous matrices of trehalose and sucrose. FTIR measurements were per-
formed at different protein/sugar ratios, focussing on the stretching band of
the bound CO (COB) and on the Water Association Band (WAB), which are
spectroscopic markers of the protein and the matrix, respectively.
Although the two sugar matrices play similar effects on the COB, large differ-
ences are evident in the WAB, which we ascribe to perturbations in the
hydrogen-bond network strength. SAXS data confirm these differences:
water-dependent domains occur in protein-trehalose systems, which are absent
in protein-sucrose systems and in the absence of protein. The comparison be-
tween SAXS and FTIR data allow to assign this feature to protein-poor regions,
which could better incorporate water than the protein-rich background. These
domains could play a buffering action against moisture variations. The reported
findings may help in rationalizing the superior trehalose protective effects in
terms of structural properties of the whole protein-sugar system.
[1] J. H. Crowe, Adv. Exp. Med. Biol. 594, 143-158 (2007).
[2] L. Cordone et al., BBA-Prot. Proteom. 1749, 252-281 (2005).
[3] S. Giuffrida, G. Cottone, L. Cordone, Biophys. J. 91, 968-980 (2006).
